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Introduction

The assessment structure of Unit 2, Physics at Work is the same as that of Unit 1, Physics
on the Go, consisting of Section A with ten multiple choice questions, and Section B with a
number of short answer questions followed by some longer, structured questions based on
contexts of varying familiarity.

The paper allowed candidates of all abilities to demonstrate their knowledge and
understanding of Physics by applying them to a range of contexts with differing levels of
familiarity.

Candidates at the lower end of the range could complete straightforward calculations
involving simple substitution and limited rearrangement, including structured series of
calculations, but could not always tackle calculations involving several steps, a choice of
variables or extra factors, such as the factor of 2 for echo-location. They also knew in
outline standard definitions, but often omitted key technical terms, and similarly knew
some significant points in explanations linked to standard situations, such as interference,
but missed important details and did not always set out their ideas in a logical sequence,
sometimes just quoting as many key points as they could remember without particular
reference to the context.

Steady improvement was demonstrated in all of these areas through the range of
increasing ability and at the higher end all calculations were completed faultlessly; most
definitions were given with all the required details and most points were included in ordered
explanations of the situations in the questions.

Section A

The multiple choice questions discriminated well, with performance improving across the
ability range for all items. Candidates around the E grade boundary typically scored about 6
and A grade candidates usually got 8 or more correct.

The percentages with correct responses for the whole cohort are shown in the table.

Question Percentage of correct responses
1 73
76
78
75
62
80
54
91
65
81

V0[N~ |WIN
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For some lower scoring questions the frequency of incorrect choices indicates common
errors.

Question 5. D was the most commonly chosen incorrect response. For a thermistor, this
graph corresponds to resistance against temperature rather than I vs V.

Question 7. The favoured incorrect choice was D. Candidates may be most familiar with
the fundamental mode of oscillation of waves on a string and pipes open at both ends, and
therefore used to a wavelength of twice the length, and they may have selected D without
considering the diagram in detail.

Question 9. Candidates not giving the answer B nearly always chose A, missing the
reciprocal when calculating the resistance of the parallel section.
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Question 11

About two thirds of candidates got at least one mark by giving the units of area and velocity,
but only about a third managed to complete the question fully. Some candidates included all
of the units but did not make it explicit to which quantities they referred, so they were not
awarded the final mark. Many candidates just ignored the units of n and similarly ignored
the m3 they were left with after dealing with the units for A, g and v.

11 The list of data, formulae and relationships states
Current I = ngvA

Show that the units on each side of the equation are consistent.

Examiner Comments

This candidate has one mark for the units of area and velocity, but has ignored n
entirely and then ignored the units m3 in stating the final answer. The presence of m3
might have suggested to the student the need for m=3, and therefore the units of n.

11 The list of data, formulae and relationships states

Current I = ngvA
Show that the units on each side of the equation are consistent.
(3)
1
TR S o wifs X //1 T

ﬁ ResultsPlus

Examiner Comments

All the correct units have been included, even if 1/m3 was added as
an afterthought. The question requires the candidate to demonstrate
that the equations are consistent, so the link between units and
quantities must be unambiguous, hence the requirement to state the
units or to put them in the same order as in the equation.
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Question 12 (a)

Although one mark was available simply for labelling wavelength on a wave profile, under
half of candidates were awarded a mark. A significant minority labelled a wavelength, but

only roughly drew their line indicating the wavelength and were not credited. Relatively few

students were able to translate displacement correctly from the diagram.

the wave passes.

displacement

12 The diagram represents the position of particles before a progressive wave passes and as

SeNsNNNNIRINIININIRIIIRNIIONIOIOIOIRNINISIOIOIOIORIOITIOERIPRISOOO R e hefore wave passes

(a) On the axes below, draw a corresponding graph of displacement against original
particle position and label the wavelength.

@ & & & & S NN S & & & & & & & 8 e 5 WAVC PASSCS

o elong A

L S

-

\ original particle position

+IuS
Examiner Comments
While the wave is poorly drawn, the wavelength mark

was still obtainable, but this has not been drawn close
to either peak and is too rough to be credited.

ResultsPlus

Examiner Tip

Where appropriate, use rulers for diagrams and mark
distances carefully when required.
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12 The diagram represents the position of particles before a progressive wave passes and as
the wave passes.

\
1
Vo

.f....f/’-’.?w \..Q\Q....I.... l.Tl......... beﬁ)rewavepasses

/ \ NN\
ﬂ....l . L ‘ . oooo\hﬁn"oo & & & 5 & & & @ saeew 5 WAVE PASSCS

(a) On the axes below, draw a corresponiimg graph of dlsplstcement against original
particle position and label the wavelength.

(2)

displacement

Examiner Comments

The wave has been drawn very carefully and is completely
correct, but the wavelength has not been shown.

12 The diagram represents the position of particles before a progressive wave passes and as
the wave passes.

eeeeceseesssssses ittt sssssnnsssss s se e e hefore wave passes
NSRS 8 5 8 5 5 0 5 P SISO S B 0 B 4 B & & & 088 A5 WAVE DAssCs

(a) On the axes below, draw a corresponding graph of displacement against original
particle position and label the wavelength.

(2)

displacement

original particle position

ﬁ ResultsPlus

Examiner Comments

The wavelength has been drawn neatly and correctly for one mark. The diagram
has the correct two wavelengths, but the initial displacement should be zero, so
this should resemble a sine graph rather than a cosine graph.
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Question 12 (b)

Three quarters of candidates gave a correct answer. Some candidates gave several answers
and were not awarded a mark if any of the suggestions were incorrect.

(b) Suggest what type of progressive wave could be represented by the diagram.
(1)

ResultsPlus

Examiner Comments

Despite a progressive wave being asked for, this candidate has suggested a standing wave.

(b) Suggest what type of progressive wave could be represented by the diagram.
(1)

e Mewave e Woles enes o gamen . B
Olrauvelet

(Total for Question 12 = 3 marks)

ﬁ ResultsPlus

Examiner Comments

Four answers have been given, all of them incorrect.
It is never a good idea to include multiple answers
because, even if one is correct, if any are incorrect the
mark will not be awarded. The examiner will not chose
the correct answer from a list.

ResultsPlus

Examiner Tip

Do not give multiple answers to questions because one
incorrect answer will outweigh any number of correct
answers and result in no mark being awarded.

IAL Physics WPHO02 01
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Question 13 (a)

About three quarters of the entry successfully explained the need for pulses. Many gave
answers that simply outlined the idea of the pulse-echo technique, e.g. “so that you can
record how long it takes for the sent signal to return”.

13 Surveyors sometimes use laser rangefinders to measure the distance to objects such as
buildings and trees.

A reflector is placed on the object. The rangefinder emits pulses of light and detects
them when they return after being reflected.

(a) State why the laser light is emitted in pulses.
(1)

e BCCAMSE. . the.  time.  token 1o palre . to. yetawn con. be. . . .. ..

calerlated. 0¥ @OELN@ATY. ...

ResultsPlus

Examiner Comments

While the suggestion in the answer is a requirement for the
technique, there is no suggestion of how using a pulse helps.

13 Surveyors sometimes use laser rangefinders to measure the distance to objects such as
buildings and trees.

A reflector is placed on the object. The rangefinder emits pulses of light and detects
them when they return after being reflected.

(a) State why the laser light is emitted in pulses.
(1)

Qnéjﬂxﬂ!&wahﬁ&nél&a &5\’00 Cﬂ\hhu‘ﬁ?r_{:

ResultsPlus

Examiner Comments

This response gives even more detail on why the time must
be measured, but also does not link it to pulses.

A

4

Learn the answers to standard situations such as this.

lus

Examiner Tip
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Question 13 (b)

Only about two thirds of candidates were able to apply the simple speed equation to
calculate time, and only about a tenth of them arrived at the correct answer because many
did not correctly apply the factor of 2 and others did not select the correct distance. They
were supposed to realise that the longest pulse that could be used corresponded to the
shortest distance being measured, but many took the range as an indication that they
should use the average distance or the difference between the quoted values.

(b) The rangefinder measures distances between 50 cm and 1 km.,

Calculate the longest pulse duration that would allow this range of measurements.
(3)

sra A7 = 1000
{ § 2x( 68
3.23x107¢

ResultsPlus

Examiner Comments

The speed equation has been applied

correctly, but the factor of 2 for the
distance has not been applied. The
correct distance, 50 cm, has not been
chosen either.

Remember that pulse-echo questions will nearly
always involve a factor of 2 because distance
travelled by the pulse is twice the distance from the
emitter to the object.

L - — -

[ - - - -
(b) The rangefinder measures distances between 50 cm and 1 km.

Calculate the longest pulse duration that would allow this range of measurements,

_________ Nz oLs
2
_______________ X =28 = Axoen o (el S
Q, P i S

Pulse duration = ...

“IuS

Examiner Comments

The factor of 2 has been used correctly, but
the distance chosen is again incorrect.
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(b) The rangefinder measures distances between 50 cm and 1 km.

Calculate the longest pulse duration that would allow this range of measurements.
3)

2Digoune. =. S.?e\'c“’clmz ARG sx2
2% (08

otE 6.662 x5 g

Pulse duration = ..&. 662 xS 6g )

ﬁ ResultsPlus

Examiner Comments

This is an example of a student misreading 'between 50
cm and 1 km' and using the difference between these
quoted distances. The method is otherwise correct.

(b) The rangefinder measures distances between 50 cm and 1 km.

Calculate the longest pulse duration that would allow this range of measurements.
3)

-

O S w—

vV g1 6P

ﬁ ResultsPlus

Examiner Comments

, é
Pulse duration = 33%’“0 -

The method and distance chosen are correct, but there is a calculation
error so the answer is 33.3 million. The unit has been omitted, but a
candidate might reasonably be expected to realise that 33.3 million of
any sensible time unit is far too long for a laser pulse to measure the
distances suggested and to look at the calculation again.

A

OO ResultsPlus

Examiner Tip

When an answer is clearly far too large or too small, check your calculations.
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Question 13 (c)

Only about one student in twelve made a successful suggestion. Many thought the greater
speed of light would be an advantage, but they did not suggest why. A large number
assumed that ultrasound had a higher frequency than the light from the laser and that it
would also have a shorter wavelength and therefore applied the ideas about diffraction to
the wrong wave.

(c) Distances inside buildings, such as the length of a room, are often measured using
ultrasound.

Suggest a reason why a laser rangefinder would be more suitable than one using
ultrasound for measuring the distance to a tree 1 km away.

(1)

S‘f@l"\p[&W YN o ?aniapl-‘ﬂ\\{‘; . %\'P\QS?EEJ

o Soo ks
%} ResultsPlus

Examiner Comments

This candidate is suggesting that the advantage of the laser is that it would be quicker. Over a range
of 1 km, the ultrasound would take about 6 seconds, but as the time to make a measurement this

is not a major disadvantage. Had the candidate made a suggestion such as that it might be problem
keeping a detector in a certain position for this time it could have been a more realistic problem.

(¢) Distances inside buildings, such as the length of a room, are often measured using
ultrasound.

Suggest a reason why a laser rangefinder would be more suitable than one using
ultrasound for measuring the distance to a tree 1 km away.
(1)

chl araw wauetangt’h s,o

v moudc( s difFrdaction
in "Hﬂaf en V‘ rOY'] W—Q'M ‘ (Total for Question 13 = 5 marks)

R
ﬁ ﬁ ResultsPlus

Examiner Comments

V
[ - ( This starts with two errors, lower frequency and
>( larger wavelength. While one of the suggested
answers was linked to less diffraction, this would not
L Q be the case with a larger wavelength.

<t

<

>
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Question 14

While a good majority stated that the oscillations of polarised light are in a single plane or
direction, only about half of them went on to gain further marks. Some candidates did not
mention oscillations, many of these referring to light travelling in a single plane or direction.

For unpolarised light, some missed the mark through referring to ‘different directions’ or
‘more than one plane’ which were not sufficient for ‘all’ or ‘many"'.

Many students missed the third mark because they are thinking of the definition of
transverse waves. They commonly say ‘polarised light has oscillations in a single plane
which is perpendicular to the direction of propagation of the wave’. The direction of the
oscillation at a point is perpendicular to the direction of wave propagation, but along the
length of the wave the directions all align in the same plane which contains the direction of
wave propagation.

In describing the alignment of the filters, candidates often only referred to the filters
themselves and did not discuss the plane of polarisation or the allowed direction of
oscillations.

Candidates occasionally drew fairly detailed diagrams. These may help to clarify the
situation for the candidates concerned, but without detailed labelling they do not gain
marks.

*14 The photographs show two polarising filters on a light background.
Between Photograph 1 and Photograph 2 being taken, one of the polarising filters is
rotated through 90°,

Photograph 1 Photograph 2

State what is meant by polarisation and explain the observed difference between the
appearance of the polarising filters in the two photographs.
(5)

_Polarisabion s .convertin 4 wawes . thak oscillabe.
me\tplw fo.wover . thak  oscllake
SN L2 =, o t'malﬂ. Pl ak a0’ ko B dicection
OF AV, P“OPWQ\&.E\OV\ PR
X woﬁocaraph :L, ‘H«\Q, po|a.rmd¢> L. a.J: wa— e~
Langle. so. lighk x polnsed to one argle parg |
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I _plxob? @rn.ph 2.y He po laroids _ase. _Q_d&.«:?ﬂxdi_
to talh sbad , 50 1k s polangd B oove.. ..
pland by ore. polaxo]&ymdpﬁ laried..a QaUN.......

Loby Be  2nd polaroid 5 0o no Nglt  will come.

ﬁ ResultsPlus

Examiner Comments

This response gets one mark for oscillations in a single plane. 'Oscillate
in different planes' does not convey the sense of all planes and it has
the very common idea that the plane of the oscillation is perpendicular
to the direction of propagation.

Saying the polaroids are at the same angle does not include the
necessary reference to planes or allowed directions of oscillation.

In the final part, it is not clear what occurs when it is 'polarised again'.

Q ResultsPlus

Examiner Tip

Remember that, for polarised light, the direction of
the oscillations is perpendicular to the direction of
wave propagation but the plane of the oscillations
includes the direction of wave propagation.

IAL Physics WPHO02 01 13



State what is meant by polarisation and explain the observed difference between the

appearance of the polarising filters in the two photographs. .
o Polakisodion 1S 00 gWnamOn®. 0 (liHing. in. Drensitnie. . woRs:. A treasuese. ...
MR o \aor®  o8CiUotes  in oll. . dirtchims . pave  purpandicaler . Xe vsace...
retian: Whan. 0 benswtrst . Misrt s restic®d. . P oscillet  in el ...
a2 qlem® oty pordicalen. 1B wert mblon it S polersQd s A polovising. . ...
AR5 asd B vestick . Nght Ap . oSUUadR in  onk plom @ pagtndlcaler.........
Ap. W motlen . T dedogiegh 1 et Awo. filkOs ot porolll snd
Bosswosivatin. Vgl iS.oMantd. 1. puss... Dvoughe. on.. gokmregle Ly
oo gt gessts. . g, o, D e FIk0s one pepindicalon t enth

L L

X

ol gl

;'ﬂ.r

L

?ﬂ’.{qgﬂa Wweall

<» ResultsPlus

Examiner Comments

This gets the first two marks for the difference between
unpolarised and polarised light in terms of the number of planes,
even though the initial reference is to directions. This repeats
the error that the plane of the oscillation is perpendicular to the
direction of propagation. In describing the relative orientation of
the filters there is no reference to planes. To say the filters are
perpendicular is untrue as that would imply that if one was flat
on a page the other would be standing vertically.

14 IAL Phvsics WPHO02 01




Question 15 (a)

About two thirds successfully completed this part. Those who did not generally failed to
include ‘energy’ in their answers, even though they should have received a clue when they
looked at part (b). There were some references to terms more associated with Chemistry,
such as shells or orbitals, and students studying both will need to be sure to apply the
correct terms to the correct subject.

15 In 1913 Niels Bohr proposed the model of the hydrogen atom represented in the diagram.

0.9 eV

electron
nucleus

18t excited state

3rd excited state

In this model an electron can orbit the nucleus at different energy levels, some of which
are shown in the diagram.

(a) State what is meant by excited with reference to this model.
(1)

Electrons  mowe to A higner ompik

ResultsPlus

Examiner Comments

This does not gain credit as the answer must be in terms of
energy. References to shells or orbitals are not accepted.

OO Results¥lus
Examiner Tip
When discussing the arrangement of electrons in

atoms in your Physics examinations you must refer
to energy levels and not orbitals or shells.

IAL Physics WPHO02 01
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15 In 1913 Niels Bohr proposed the model of the hydrogen atom represented in the diagram.

0.9 eV

electron

nucleus

ground state

1st excited state

2nd excited state

3rd excited state

In this model an electron can orbit the nucleus at different energy levels, some of which
are shown in the diagram.

(a) State what is meant by excited with reference to this model.

“IUS

Examiner Comments

As the question asks for the meaning of 'excited’,
reference to 'excited state' alone will not be sufficient.

Examiner Tip

Definition of a term must be based on
more than repetition of that term.
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15 In 1913 Niels Bohr proposed the model of the hydrogen atom represented in the diagram.

0.9 eV

electron

nucleus

1st excited state

2nd excited state

3rd excited state

In this model an electron can orbit the nucleus at different energy levels, some of which
are shown in the diagram.

(a) State what is meant by excited with reference to this model.
(1)

. ote to igher or locer onewgy level.

ﬁ ResultsPlus

Examiner Comments

This offers the examiner the choice between higher
and lower and so does not get the mark. If a
candidate isn't sure, they can't expect the examiner
to choose for them. The exception would be when
multiple answers are all acceptable individually.

Examiner Tip

If you leave a choice of answers and one is
incorrect, you will not be given the mark.

IAL Physics WPHO2 01

17



18

Question 15 (b)

A very large majority got at least half of this correct, and nearly half completed it fully.
Errors encountered were choosing the wrong pair of levels, not converting from eV to J or
not dividing by the Planck constant.

(b) Calculate the highest frequency of radiation that could be emitted by electrons
involved in transitions between energy levels shown in the diagram.
(4)

L Ae= b

f - s
h
F70:9-(-136)
668024
= 12.9

6. 6310 2

a4
2o bkengxpo  pp

<DP ResultsPlus

Examiner Comments

Frequency- bﬂ |M‘¢

Aarsxio®tH2

The correct energy levels have been chosen and an energy
difference has been divided by the Planck constant for two

marks, but the energy has not been converted from eV to ]
first. Candidates might be reminded of the need to do this

by noticing the unit of the Planck constant, J s.

Examiner Tip

Calculations for the photoelectric effect and atomic
spectra may involve energy in eV or J and you need
to check carefully whether a conversion is required.
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(b) Calculate the highest frequency of radiation that could be emitted by electrons
involved in transitions between energy levels shown in the diagram.

4)

19

SR SRS W o T NP SR VTR TU-TRE U £ S ST . 2 S

=\g

_ ) s
L= € = \rbAlo a2 X0 W

S
Frequency = .2.m.X10.. W2,

ﬁ ResultsPlus

Examiner Comments

This answer uses the correct method to determine
frequency, but the energy levels chosen do not
correspond to the highest frequency of radiation, so
just two method marks were awarded.

Q‘3H>—L—13£)=IQL¢,\!

IAL Physics WPHO2 01
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Question 16 (a)

While the mark for waves meeting was straightforward and usually awarded, the following
part about adding displacement was only seen about a fifth of the time. There were often
descriptions, sometimes with diagrams, of peaks and troughs meeting, showing that
students had an understanding in outline, but they could not give this standard definition.
Many students referred to adding amplitudes or mixed amplitude and displacement in their
answers.

16 (a) State what is meant by the principle of superposition of waves.
(2)

Clen Guo crests g 00e tmovy gh pPoSte.
d«‘?ecbm O ni, ek (,A.&&'wgb?ue: MWW
oCEMS(/‘/'W'ﬂ t{jlw 0l ek el st (ond,
n. .ﬂew . diveehios). deshuchie
Cﬂws

ResultsPlus

Examiner Comments

This gets credit for two or more waves meeting,
but references to crests and troughs alone are not
sufficient for the sum of displacements mark.

16 (a) State what is meant by the principle of superposition of waves.

M cpm‘&x. Arecknns. \SL-»j ‘W“?“" ? 05 PeAnES | where V<

wunes ore I phese, O oopliinade will ynureok, wﬂkﬂdc\m%
Galsi prode. e Tee - Oplivade Wl decreadr. (ongrocinve end

desrudiive nlerference octorey, TespeChtVeIw -

ﬁ ResultsPlus

Examiner Comments

The reference to increasing or decreasing amplitude
is not sufficient for the second mark. Candidates
must refer to the addition of displacements.
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Question 16 (b) (i)

About half of the entry gained at least half of the marks for this part, with about one in eight
completing it for four marks. Those scoring two marks often got both of the marks for path
difference or both of the marks for phase, often not discussing the other aspect.

Many candidates calculated the path difference but did not relate it to wavelength correctly.

Some candidates lost a phase mark by referring to waves being ‘out of phase’, which is not
specific enough, rather than ‘antiphase’.

(b) A teacher demonstrating superposition set up two speakers in a laboratory. The
students stood in different positions throughout the laboratory. The teacher played a
single note through one of the speakers.

The teacher then played the note through both speakers and asked the students to
describe their observations. Students in some positions said the sound got louder and
students in other positions said the sound got quieter.

The students noted positions of louder sound L and quieter sound Q. Their results are
shown in the diagram.

Q L Q L Q L Q

Not to scale

speakers

IAL Physics WPHO2 01
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HoWeNVe T ot waves  al

%mavqa—e’mbque&,&uafmw
l’qﬂx.}f‘ﬁp%i—t%i(\"bv‘ﬂfufcﬁm

a. 1}2'3

(i) The wavelength of the note was 0.8 m.
The following distances were measured:

XtoL =16m
YtoL =24m
Xt0Q =1.7m
YtoQ =21m

Using the distances given, explain why the sound is loud at L, and quiet at Q,.
@)

CThe Sovnd 7S lovd ot L, hecavee The

woNtS Lapon X and wavts from Y
aze 0. Phast wymn wm bwroy  abovt

Coolbbrvitivd inbtettoyani Mﬁﬁfﬂa Sy Joud €.
blﬁa -1 J 'F;'ﬂm

Hed Fo
AV Thi  waves ot

CETVE ottt

ﬁ ResultsP

Examiner Comments

The candidate has not used the information on path length and
wavelength to provide support for the statements about phase and
may simply be repeating a standard explanation of interference.

Only one mark is awarded for the phase discussion because the
destructive interference part only refers to 'not in phase' instead of
'antiphase’. 'Not in phase' refers to any difference that means they
aren't in phase whereas 'antiphase' means exactly n out of phase.

OO Resu

Examiner Tip

'Out of phase' simply means not in phase. The situation for
destructive interference should be described as 'antiphase’.

IAL Phvsics WPHO2 01




(i) The wavelength of the note was 0.8 m.
The following distances were measured:

XtoL, =1.6m
YtoL =24m
XtoQ =17m
YtoQ =21m

Using the distances given, explain why the sound is loud at L, and quiet at Q,.

4)

e or ne sound ¢ procluced . Aurdore Haee tHsqnise at @

Examiner Comments

The path differences have been determined and related
correctly to wavelength for two marks but there is no
discussion of phase relationships for further marks.
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Question 16 (b) (ii)

Half of the candidates gained a mark, usually for suggesting varying frequency or
wavelength. Some discussed varying amplitude at the source, but this wouldn’t prevent
the effect. Others simply talked about changing notes or pitch, which was not sufficient
for frequency. Candidates did not often successfully describe the result of the varying
wavelength, often effectively repeating part of the question as a conclusion.

(11) Explain why this pattern is not observed when the speakers are playing music.
(2)

Hsie Nes  Aiferent vot€S Hed Yo eBe

Jthe LooAase \e u-,a\'\n Loty keep S T o0 Sy

o Tr‘\\ e v Convivamd e sl A T

ﬁ ResultsPlus

Examiner Comments

The changing wavelength is correctly identified, but
there is no further detail on how this affects the
pattern. Repeating the question is not sufficient.

(i1) Explain why this pattern is not observed when the speakers are playing music.
(2)

D
ResultsPlus
Examiner Tip
This correctly states that the phase relationship

would not be constant, but does not say why in
terms of changing frequencies or wavelengths.
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Question 17 (a)

As in previous years, candidates showed that they know a lot of facts about the
photoelectric effect and they often wrote down as many of them as they could. What they
did not always do was to select the appropriate information for this particular context. The
guestion stated that intensity was decreased and asked about consequent changes, but
many students discussed the effect of changing frequency on maximum kinetic energy. As
neither of these actually changed they were not relevant in this case.

Overall, a majority got at least one mark for stating that the rate of electron emission
decreased. About a half of these successfully explained this in terms of photons or waves,
but few explained it in terms of both. A lot discussed what would not happen instead.

17*(a) A metal surface is illuminated with light of a single frequency. This frequency is
above the threshold frequency of the metal and so electrons are emitted. The rate of
electron emission is measured. \k_*.‘f

The intgt\;sity of the incident light is then decreased but its frequency remains
unchanged.

Describe the change in electron emission that would be observed and how this change
would be explained by the wave theory and by the particle theory of light.
(3)

The Numbec o eleChons emifled bt 4 pec unit
| %mPNDU\dchr?a&e,buP}# 0 Ki Ochf’ﬂPrg‘gw"ﬂ o

femain . (onstad.  E=hf o ereray clepent on froency.
accoding fo b wove theory  dre energy of o e
incremes” when iatensity lowvase  therdow  dhe Kioefic
enctay of  flecvons amked chald  decrae when de

o dwned bt hot doadt hapen.

ﬁ ResultsPlus

Examiner Comments

This response correctly states that the rate of emission

of electrons would decrease. It then goes on to explain

in further detail the effect on kinetic energy. This is
something that does not change but the question asks for
an explanation of the change, so it is not relevant.

IAL Physics WPHO2 01
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17*(a) A metal surface is illuminated with light of a single frequency. This frequency is
above the threshold frequency of the metal and so electrons are emitted. The rate of
electron emission is measured.

The intensity of the incident light is then decreased but its frequency remains
unchanged.

Describe the change in electron emission that would be observed and how this change
would be explained by the wave theory and by the particle theory of light.
(3)

E=hf-. one phaton felease ona. efectiron. Enassion of: electims
RmmuwNmbere(u‘Wnsdapa\donme
MTWQORMMLUMMQXHMMMMH]%PB{GMHS
‘wemqtobf%dsonf»ufm ,m‘td@?em.sonmfmm TR

Tsnuamlﬁtmnfof\el rons to endt. Wane enacgy.
SMMW[dMPWMQMgO&PMDnTMsWN&&
Ifitq,nse.h*@h.‘bmtl@wemmhm‘hcwnfQo,mm
TRineTty decreased . the humber of- eleitions . olewease . Mbog
Pt the frequancyy remains conctaat . so the. KE for. electrons

ﬁ ResultsPlus

Examiner Comments

This answer reads as if the candidate has written all
that could be remembered about photoemission hoping
that something will be correct. There is one mark for
'the number of electrons decrease'. Much of the rest of
the discussion is about frequency, which isn't part of the
question, and kinetic energy, which does not change
and so is not part of the answer to this question about
changes.

OO ResultsPlus

Examiner Tip
The photoelectric effect has many different aspects so,

when answering questions on this effect, read the question
carefully and only discuss the aspects being asked for.
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Question 17 (b)
A large majority completed this unusual but relatively simple calculation, although some
added the maximum kinetic energy instead of subtracting it from the photon energy.

(b) Light of frequency 7.3 x 10' Hz is incident on the surface of the metal. The
maximum kinetic energy observed for emitted electrons is 1.8 x 107" J.

Calculate the work function energy for the metal in J.
(2)

2

- wcﬁéev"ﬂ?'\d'mx'l'}xto‘“)‘-"5"‘ w0

-
L Buwgo

Work function energy = . SKAAR-BLXOES .

B
Results¥lus
Examiner Comments
This is set out correctly for one mark, but the

final calculation has not been completed as
the kinetic energy has not been subtracted.

(b) Light of frequency 7.3 x 10" Hz is incident on the surface of the metal. The
maximum kinetic energy observed for emitted electrons is 1.8 x 107" ].

Calculate the work function energy for the metal in J.
(2)

\"'g -_J_‘MV’L;_\.Jn e
2

J

- / 2 :

663510 Y x713x10't = P+ 1P x0Tl

o
1-&x 10719

ResultsPlus

Examiner Comments

This also has been set out correctly for one mark but the
final operation of subtraction has been replaced by division.

IAL Physics WPHO2 01
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Question 18 (a)

A large majority got at least two marks, but just under half of candidates got no marks for
the graph through a mixture of plotting errors and curves that were not judged to be the
best fit. The mark scheme shows acceptable lines.

@ Use the results in the table to complete the graph.
I 3)
3.0
25 f
20 )
Resistance of
LDR / kQ \
15
i 1
1.0
05
0.0
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
Incident radiation flux / W m™

ResultsPlus

Examiner Comments

Completed graphs rarely get no marks at all, but this has
too many incorrect points and the marked elbow in the
curve means that it is not sufficiently smooth for credit.
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(a) Use the results in the table to complete the graph.
@)
3.0
254+
EEL
2.0
Resistance of

LDR / kQ
15
1.0
05 R Rae s SN i, s

' 0.0 _

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
" Incident radiation flux / W m=
ResultsPlus

Examiner Comments

The plots are correct but there is an inexplicable change
in direction at the start and a bump at the fifth point.
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30

Question 18 (b)

While well over half of the candidates read the value from the graph correctly, only about
half of them used it successfully to determine the required resistance. The potential divider
method using ratios was generally more successfully completed, but it was applied less often
than the alternative method of calculating the current through the LDR and using this for the
resistance. An error in the second method was to apply the incorrect potential difference for
the resistor. A minority of candidates read from the graph as Q rather than kQ.

(a) Use the results in the table to complete the graph.
(3)

3.0

25

—

2.0

Resistance of
LDR /kQ

1.5 v

1.0

0.5

0.0

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
Incident radiation flux / W m?
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(b) The lighting circuit will switch on when the potential difference across XY is 0.60 V.

Determine the required resistance R of the variable resistor so that the lighting circuit
will switch on when the incident radiation flux is 0.25 W m2.

3)
for Do gk, AL S W Ul xBithne b JOR 2 23k

Resistance = ... ... o 514.&0-‘1 ..................................

ﬁ ResultsPlus

Examiner Comments

This adopts a correct overall method, but the resistance
calculated as the 'required resistance' is actually the total
resistance of the variable resistor and the LDR. The p.d.

used should have been 5.4 V, or 500 Q should have been
subtracted from the answer given.
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(a) Use the results in the table to complete the graph.
3)

3.0

25

\
2.0 E
Resistance of \

LDR /kQ

1.5

1.0 :

0.5

0.0

0.0 0.1 0.2 0.3 04 0.5 0.6 0.7
Incident radiation flux / W m™

(b) The lighting circuit will switch on when the potential difference across XY i3 0.60 V.

Determine the required resistance R of the variable resistor so that the lighting circuit
will switch on when the incident radiation flux is 0.25 W m™2,

3

K =z h ts

Resistance = A-ssjz ......................................... _
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ﬁ ResultsPlus

Examiner Comments

This has been completed correctly through all the stages of
calculation, but the graph axis has not been read carefully
enough and the units have been given as Q rather than kQ.
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Question 18 (c)

About half of the candidates scored on this question, usually for more readings, but only
about a third of them got both marks by linking more readings to an improvement in the
graph. A lot made unsupported statements about improved accuracy or avoiding parallax
errors, although these would be the same as with a student taking measurements from a
digital meter. Some said it would be easier, which does not improve the quality.

(c) Apart from eliminating human error, suggest how using a resistance sensor and a
radiation flux sensor connected to a data logger could have improved the quality of
the graph.
(2)

r”ﬂfemafnycowée.—#vévh ol The Cevolihg.  ob.. trsidtat  codioton......

o Flen e cpnitence. wF . LOR. . com. bt. rtwd. of. tht seme cono Ahe.

<EP ResultsPlus

Examiner Comments

More readings is an acceptable improvement in
the technique, but it has not been related to the
improvements in the graph as asked for in the question.

(c) Apart from eliminating human error, suggest how using a resistance sensor and a
radiation flux sensor connected to a data logger could have improved the quality of
the graph.
(2)
uihen. usi 0y.. these... .qpparedis..  dhere. . wil. . e . no. 1eathon......
otme..and. ... donot. have #0. . measvie.  the reeding. ...
SR <) XTW -7 T-To V87 Y SR .

e WD IARLCELLY o O .j.J..aﬂ.b can.  beplared ...

<Eﬂ ResultsPlus

Examiner Comments

This correctly identifies an advantage with respect
to graph plotting for one mark. Reaction time and
simultaneous readings are not relevant in this case
because there is not a rapidly changing variable.

A

Examiner Tip

When describing improvements in experimental techniques, be
sure they are relevant to the practical work being discussed.
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Question 19 (a) (i)

Although most candidates were able to apply the wave equation, about a third did not get
the final answer, usually through a power of ten error for Giga. A surprising number only
gave the answer as 2 cm and did not include the required extra significant figure for ‘show

that’ questions.

19 The photograph shows a satellite television dish.

reflector

detector

Electromagnetic radiation from a communications satellite is reflected from the reflector
to the detector.

(a) The radiation used has a frequency of 12.6 GHz.

(i) Show that the wavelength of the radiation is about 2 ¢cm.,

(2)
B
W
= 3 XlO‘

wExaminer Comments

This has been calculated correctly, but the answer has only been
quoted to one significant figure, which is the same as the 'show
that' value, and not to the required extra significant figure.

OO ResultsPlus
Examiner Tip
In a 'show that' question, your answer must be given to one

significant figure more than the value in the question. This
shows that you have calculated it and not just copied it.
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19 The photograph shows a satellite television dish.

reflector
detector

Electromagnetic radiation from a communications satellite is reflected from the reflector
to the detector.

(a) The radiation used has a frequency of 12.6 GHz.

(i) Show that the wavelength of the radiation is about 2 cm.

; (2)
* 3.0 x¢ 01 = x
D..{xtws c 2.0m0D 126 X 10
.................................................................................... X>\=3~39M

%Examiner Comments

This gets a mark for applying the wave equation, but
Giga has been incorrectly applied as 10° and as 107.
The numerical value 2.38 has been truncated to 2.3
instead of being rounded to 2.4.

0
4\ ResultsPlus
Examiner Tip
Be sure to know the required SI prefixes.
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Question 19 (a) (ii)

About three quarters gave the correct region of the electromagnetic spectrum. Those who
have carried out microwave experiments may find this easier to remember.

(ii) State the region of the electromagnetic spectrum to which this radiation belongs.
(1)

ResultsPlus

Examiner Comments

This is incorrect and is a surprising choice because it should
be plain that there is no extra illumination from the satellite.

(1) State the region of the electromagnetic spectrum to which this radiation belongs.

____________________________ BB bolow yisiblew |i aht |

<DP ResultsPlus

Examiner Comments

(1)

It is not clear what is meant by below, but even if
taken as frequency this is not precise enough. In
effect, this candidate has just made one suggestion
for a type of radiaition rather than making a
suggestion as to what it is.
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Question 19 (b)

Most candidates applied the equation correctly and over two thirds arrived at the correct
answer for two marks. Slips along the way included using 10-3 or 10*3 and some omitted the
unit or gave it as J.

(b) The radiation incident on the reflector has a radiation flux of 4.8 x 107* W m~.
Calculate the power of the incident radiation.

area of the reflector = 0.27 m?

LB e

A
(‘fﬁ?*ﬁo”).; P
0.271

P < 4.296 x4p-13
t 1.3 x40 J

Power = J-3 >do” {3 ~..

ﬁ ResultsPlus

Examiner Comments

This calculation is correct but the final unit has been
given as J rather than W and therefore the final mark
for the answer is not awarded because magnitude
cannot be expressed correctly without the correct unit.

A
Q ResultsP
Examiner Tip

Numerical answers must include a correct unit to be
awarded the answer mark.

us

Quantities not requiring a unit are those expressed as
ratios, such as efficiency, refractive index and sine.
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(b) The radiation incident on the reflector has a radiation flux of 4.8 x 107 W m~,
Calculate the power of the incident radiation.

area of the reflector = 0.27 m?
(2)

pp-TE

olt— P e
a3

PZ_ X 1‘54 !103
Power = 4“]‘54“0—5

ResultsPlus

Examiner Comments

The method used here is correct, but the radiation flux
value has been copied incorrectly, so the final answer is
incorrect. This candidate has omitted the unit entirely.

IAL Physics WPHO2 01 39



Question 19 (c) (i)

Just over two thirds got this correct. Some lost the mark through trying to quote the answer
in m or in standard form and making errors in converting from 2 mm.

(c) The reflector contains many small holes.

(i) Use the photograph to estimate the diameter of the holes.

(1)

ResultsP

Examiner Comments

This answer has been quoted in mm and m. Both are
correct but repeating makes it more likely that an error
will be made, so it is best to give only one answer.

(¢) The reflector contains many small holes.

(1) Use the photograph to estimate the diameter of the holes.

(1)

ResultsPlus

Examiner Comments

This is another example of the answer being given in different units, here cm and m. As
before, 0.2 cm was fine and there was a chance of error being introduced with the conversion.
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Question 19 (c) (ii)

Only about one in ten scored even one mark here. Many made it clear that they think

that diffraction only occurs when the wavelength is about the same as the gap size. Many
more have apparently only considered diffraction when gap size is equal to or greater than
wavelength and not investigated smaller gaps where there is still diffraction through a very
large angle but a decreasing intensity.

(i1) It is important that the radiation is reflected to the detector with the maximum
possible power.

Use the idea of diffraction effects to explain why the radiation is reflected as if
from solid metal.

e OERNXS i Ane  waNelevaW ok R WANR S

________________________ WAVRLEMARA IS WuedA L QYeRYRY. WA Awe. . diameRi, ok .
e loles ,

Hlus
Examiner Comments

This incorrectly suggests that diffraction only occurs when
the size of the gap is the same as the wavelength and
concludes that there is no diffraction at all because of the
difference in size between wavelength and gap size.

You must be able to describe the effects of diffraction when
the gap is much smaller than the wavelength as well as
when it is much larger and when the sizes are similar.
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(ii) It is important that the radiation is reflected to the detector with the maximum
possible power.

Use the idea of diffraction effects to explain why the radiation is reflected as if
from solid metal.

2)

Dfﬁﬁhﬂfﬁtspﬁéjﬂ!“mﬁ at yeachiny ol pitss,
ﬂapsﬁsm.mﬁa}fﬂwmwjﬁﬁ} M naderk waves
“ﬂ('-ﬂjﬁ(ﬁ 1§<< 2.35 ). ¢o  alwmest no  difhuchion
e o yeflechon o jmskead

ﬁ ResultsPlus

Examiner Comments

This response shows a better appreciation of the

link between gap size and diffraction, but there is
still ambiguity and it is not clear whether 'almost no
diffraction’ applies to the angle of diffraction or to the
intensity of the diffracted wave.
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Question 19 (c) (iii)

Under a tenth of the entry made a successful suggestion. Many linked it to changes in
absorption of microwaves, and a lot said it would be useful to increase diffraction of the

waves.

(iii) - Suggest a reason for having holes in the reflector, rather than using solid metal,
(1)

ResultsPlus

Examiner Comments

This is one of the more sensible suggestions made by candidates.

(iii) Suggest a reason for having holes in the reflector, rather than using solid metal.
(1)

Reduces o cek c& LY r&ad«%\&ﬂsu&u\w Y e.cvurad o ld

ﬁ ResultsPlus

Examiner Comments

This is another sensible suggestion.
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Question 20 (a) (i)

About a sixth of candidates gained a mark for this question, usually for stating that there
would be a large percentage uncertainty. Many candidates just said that it would not be
accurate or said that there would be errors without relating them to percentage uncertainty
and a lot of students thought the method was satisfactory. A substantial minority focused on
possible improvements, but that was not the question.

Comment on the use of this method to measure the width of the metal strip.
(2)

.......... Tk Wil ko mbal ke stheefon the reudly willbe

ResultsPlus

Examiner Comments

There is some appreciation of the situation, but insufficient
detail is given of the effect on the measurement.

Comment on the use of this method to measure the width of the metal strip.
(2)

|
et rule. Ao male. . Mensuremerts  more. A0ourate ... |

Take Cerdig. at . Aiffonnt Pace. of .i‘«ns.dahy-m}af...m ....... |

+IUS

Examiner Comments

This student is answering a different question - perhaps
'describe how to improve this measurement'. It may
have loooked like a question on a previous paper, but
the candidate has been asked to comment on the
method used rather than suggest improvements.

A

Examiner Tip

A question may look like one you have seen before,
but you should read every question carefully to be
sure you answer what it actually asks you to.
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Question 20 (a) (ii)

Two thirds could apply the equation, but the area used was not always correct. Some

students decided that they were dealing with a wire and used nr2.

A minority could not rearrange the resistivity equation correctly.

Calculate the resistivity of the metal in £2 m,

\mjﬂ\:“ S . = oNeSwm. .0
e = 13X

+IuS

Examiner Comments

The overall method is correct here, but there has
been an error in the conversion of mm? to m2. In this
case it would have been better to convert the lengths
from mm to m before calculating the area.

o hvea = Widb Y thidkness = 1.5 X 0-24 = 0.2

_Ll%g"

-3
O .fLm

A
Q ResultsPlus
Examiner Tip

Remember that 1 m? is (1000 mm)?, i.e. 1 x 10 mm?.

It is usually better to do unit conversion before any further processing of
data, i.e. to convert lengths before calculating areas or volumes.

IAL Physics WPHO02 01
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Calculate the resistivity of the metal in Q m.

A

n

(2)

| -

e SRR £ O 8.
L 21.8 2 %0 ¥ 0

ﬁ / ResultsPlus

Examiner Comments

Some candidates, as here, assumed the cross-section was
circular and used the thickness as the diameter. Apart from
that, the method is correct and one mark was awarded.

IAL Phvsics WPHO02 01
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Question 20 (b)

This was answered successfully by about four fifths of candidates with a few transcription

errors, like 320 V, and missing units costing some students a mark.

Calculate the total resistance of the metal strips in the toaster.

ﬁ ResultsPlus

Examiner Comments

This example shows the correct method to find the total
resistance, but there is a slight misunderstanding of the
situation and the candidate thought this was just for one
strip and went on to multiply by 11.

Calculate the total resistance of the metal strips in the toaster.

P=V /P

ResultsPlus

Examiner Comments

The correct method has been used in this
response, but the unit stated is incorrect.

l4oo=2mer~E 1400230/ R

Total resistance = 87,‘5’

(2)

2 _%_ (e?o) _37.&.5’..().....){.(.(....;."..’l.[.?-..ﬁ..:l.

Total resistance = L{’l{?é-ﬂ-\ .

IAL Physics WPHO2 01
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Question 20 (c)

This is a standard description, commonly also met in relation to filament lamps, but only a
third of candidates were able to score on this question, frequently just for linking increased
lattice vibrations to increased collisions. Some lost a mark by referring to collisions
between electrons only. Others linked increased thermal energy to increased drift velocity
of electrons. Very few linked a change in drift velocity to a change in current and therefore
resistance. Many just left it that more collisions result in more resistance without further
expansion on why this should be. This was sometimes related to a friction idea.

(c) Explain why the resistance of the metal strips in the toaster increases as the
temperature increases.

3)
AO% }Wpe,a[a,—fﬁﬂwgam%

o qair enoray awl Yo di oecbey
i créM%T/u;Z?%ronA Ll co éﬂo& | awf 24 Q’ .

Pc:/c.men R

Examiner Comments

This answer states that there will be more collisions of electrons with
lattice ions, but the reason is incorrect. The increase in thermal energy
has been linked to an increase in drift velocity rather than an increase in
vibration of the lattice ions and a decrease in drift velocity.

(¢) Explain why the resistance of the metal strips in the toaster increases as the
temperature increases.
3

N dmperaie incease metal adoms gain kinefic Herg
) ‘ﬁ\il\omie.___&m%e,reDueJro%i_s___s..i._n__cmig\) \ brzi fion
~ allide voe clage @mying

) fom Tmoving

Examiner Comments

This has a correct description of increased collisions and the
reason, but goes too far in suggesting that this stops movement of
the electrons, giving this as the cause of greater resistance.
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(¢) Explain why the resistance of the metal strips in the toaster increases as the
temperature increases.

(3)

/4 ftmpr Angrrme wald M;.-.n.a_....ﬂ?f....._'_n_?f_'f._t_..__.._f!_ﬂ.s_._..r_-_r__rc._..kf.‘.lzf_-.-}f:,_..f.ﬂ.‘._a_',_.

ond with greaks amph {"J‘*....I..‘.‘f.'..?........hr..'f.t..ﬁ..u..!.F..!.m.“.'....t'./.'l........l.?"t.!.f.r..-.ﬁ.t.'...J......L.u.].{-.J..J,.l.'.u..,___,__

ﬁo‘v(/lrtrmn P HV(tq  Becrear of Lvllomens

alfaruulfl&ryﬁ V/ [= « k. M dtaterc. uJ”_

ﬁ ResultsPlus

Examiner Comments

This nearly got full marks. It has the correct change
in drift velocity and completes the argument

by linking this to reduced current and therefore
increased resistance using R = V/I. There is just one
detail missing, which is the nature of the collisions.

IAL Physics WPHO2 01
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Question 21 (a)

This was very well answered with few errors. The most common cause of a loss of marks
was giving the answer as 2.4 without the extra significant figure required in a ‘show that’
question.

Show that the refractive index of diamond is about 2.4.

speed of light in diamond = 1.24 x 10* m s~

(2)
. W
N Mdmmm.ﬂ- - v.l
3x &
. |- :Ll-i, X 155
= a.4

ﬁ ResultsPlus

Examiner Comments

The method and answer are correct, but the answer is only
quoted to 2 significant figures, as the quoted 'show that'
value, and not to the required extra significant figure.

OO Results¥lus
Examiner Tip
In a 'show that' question, your answer must be given to one

significant figure more than the value in the question. This
shows that you have calculated it and not just copied it.

Show that the refractive index of diamond is about 2.4.

speed of light in diamond = 1.24 x 10° m s

ResultsPlus

Examiner Comments

This is an example of a fully correct
answer with the extra significant figures.
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Question 21 (b)

The great majority scored on this question, with over half gaining at least 2 marks and
about a quarter getting 5 or more.

A common error was to apply Snell’s law equation, treating the angle of incidence in the
solid as the angle in the less dense medium, i.e. as /i in sin /i / sin r. Candidates who got

the correct angle frequently did not add to the diagram. Candidates calculating the critical
angles were usually successful, but they did not always explain the consequence in terms of
whether total internal reflection occurred and did not always add to the diagram.

(b) Imitation gemstones can be made from glass.

The diagrams show incident light at a boundary of glass with air and at a boundary of
diamond with air. The angle of incidence is 28° in each case.

glass

Use appropriate calculations to determine what happens to the light in each case and
complete the diagrams to show this, labelling the relevant angles.

refractive index of glass = 1.50

M (ags ). V52 @8 ¢z 18.0° B

Plus

Examiner Comments

For diamond the calculation is correct, as is the conclusion
that total internal reflection occurs, but the ray has been
drawn as for the critical angle and not total internal reflection.

The common error has been made for glass, treating the
angle of incidence in glass as the angle in the less dense
medium. A ray has been added to the diagram, but it is on
the wrong side of the normal, as if there is some reflection.

IAL Physics WPHO02 01
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(b) Imitation gemstones can be made from glass.

The diagrams show incident light at a boundary of glass with air and at a boundary of
diamond with air. The angle of incidence is 28° in each case.

Use appropriate calculations to determine what happens to the light in each case and
complete the diagrams to show this, labelling the relevant angles.

refractive index of glass = 1.50

Er Jb" 6" J"‘M (6)
.............................. Sn/ = Lso o Gnl = 2w
Sin 28 I S~ 28 '
....................................... ini = ©07043.. | = n9 soktion

Gomo oBess

B ‘ﬂ'e ......... boundory

ﬁ ResultsPlus

Examiner Comments

The calculation and diagram are correct for glass. The attempt to find
an angle in air and the consclusion that there is no solution is correct,
but the further conclusion is only that light reflects and not that there
is total internal reflection. The ray has not been added to the diagram.
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Question 21 (c)

Just over a fifth of candidates scored on this question by comparing the critical angles

for glass and diamond. They often had some idea of the effect on reflection, but rarely
expressed it in the required detail for the second mark, generally stating that more light
would be reflected but not linking it to angles of incidence. As the critical angle affects which
angles of incidence will result in total internal reflection, such a reference was required for
the mark.

(c) Suggest why diamonds sparkle more than imitations made from glass.

K m\’l':.'t‘w "\_:

= Mo kﬁ”‘ Loty e damed con eflek ek

ﬁ ResultsPlus

Examiner Comments

This candidate has highlighted the difference in critical
angle and stated that more light will be reflected, but no
link has been made between the statements.

(c) Suggest why diamonds sparkle more than imitations made from glass.

Dioronds hae g lwr (ritoal angle
han %ags ad D ém rafs Wi Smaler
\Oudeh__mjs (fm ﬂlfﬂ"ﬁ tornal refleck,

ﬁ ResultsPlus

Examiner Comments

(2)

This answer is closer to the second mark, but has
been poorly expressed so it refers to smaller incident
rays rather than smaller angles of incidence.
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Paper Summary
Based on their performance on this paper, candidates should:

Learn definitions in detail so they can be quoted fully, using the required terminology,

Check that their quantitative answers represent sensible values and check their
calculations when they do not,

Earn standard descriptions of physical processes, such as the photoelectric effect, and
be able apply them to specific situations, identifying the parts of the general explanation
required to answer the particular question.
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Grade Boundaries
Grade boundaries for this, and all other papers, can be found on the website on this link:

http://www.edexcel.com/iwantto/Pages/grade-boundaries.aspx
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